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(54) [Title of the Invention] 



Semiconductor Devices 



(57) [Abstract] 

[Subject of Concern] To prevent accidental contact among chips 

by mixing a filler with a constant particle size into an 
insulating adhesive which bonds layers of plural semiconductor 

chips . 

[Means to Solve] A first semiconductor chip 10 is fixed on an 
island 12 and a second semiconductor chip 11 is fixed on the first 
semiconductor chip. The bonding pad 12 for semiconductor chips 10 
and 11 and a lead terminal 17 are bonded by wire bonding and the 
main unit containing these semiconductor chips 10 and 11 is molded 
using a resin 17. An insulating filler 20 with a particle size 
ranging from 20 to 40^1 is mixed with the second adhesive 15 used 
for fixing the second semiconductor chip 11. 
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[Claims] 

[Claim 1] Semiconductor devices which are characterized by the 
fact that in a semiconductor device having a means to fix a first 
semiconductor chip on an island, to fix a second semiconductor 
chip on the aforementioned first semiconductor chip, and to 
connect the bonding pad for the aforementioned first and second 
semiconductor chips with an external connection lead, and a resin 
which seals the areas surrounding the first and the second 
semiconductor chips, an insulating filler with a uniform particle 
size is mixed with an. adhesive used for fixing the aforementioned 
second semiconductor chip on the surface of the aforementioned 
first semiconductor chip. 

[Claim 2] Semiconductor devices which are characterized by the 
fact that in a semiconductor device having an island with the 
first main surface and the second main surface, a first 
semiconductor chip fixed on the aforementioned first main surface, 
a second semiconductor chip fixed on the aforementioned second 
main surface, and a means to connect the bonding pad connection 
terminal for the aforementioned first and second semiconductor 
chips with an external connection lead, and a resin sealing the 
areas surrounding the aforementioned first and second 
semiconductor chips, an insulating filler with a uniform particle 
size is mixed with at least one of the adhesives fixing the 
aforementioned first semiconductor chip on the aforementioned 
first main surface and the adhesive fixing the aforementioned 
second semiconductor chip on the aforementioned second main 
surface . 

[Claim 3] Semiconductor devices as described in Claim 2 in which 
the aforementioned first semiconductor chip has a P-type 
substrate, and the aforementioned second semiconductor chip has a 
N- type subs t rat e . 

[Claim 4] Semiconductor devices as described in Claim 3 in which 
respectively different substrate voltages are applied to the 
aforementioned P-type substrate and the aforementioned N-type 
substrate . 
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[Detailed Description of the Invention] 
[0001] 

[Technical Field That This Invention Belongs] This invention 
concerns semiconductor devices with improved mounted density by 
laminating several semiconductor chips. 
[0002] 

[Prior Art] The most popular sealing technology for 
semiconductor devices is a transfer molding technology for sealing 
the areas surrounding the semiconductor chips with a heat-setting 
epoxy resin. As a support material for semiconductor chips, a 
lead frame is used and a semiconductor chip is fixed on an island 
of the lead frame by die bonding. Subsequently, the bonding pad 
for semiconductor chips and a lead are bonded by wire bonding 
using a wire to set the lead frame in a metallic mold having a 
desirable external shape. An epoxy resin is injected into the 
metallic mold and then cured to produce a semiconductor device. 
[0003] On the other hand, trends of manufacturing smaller-sized 
and lighter-weight electronic equipment are never ending and 
larger capacities, higher functions and higher integration are 
desired for semiconductor devices which are incorporated in these 
equipment. Although the concept has existed (e.g., Kokai Patent 
No. Sho 55-1111517), a technology of sealing several semiconductor 
chips in a single package is noted recently and an action to 
implement such technology is proposed. As shown in Figure 6 (A) , 
a first semiconductor chip la is fixed on the island 3 and a 
second semiconductor ship lb is fixed on the first semiconductor 
chip la, and the corresponding bonding pad and a lead 4 are 
connected using bonding wires 5a and 5b, and then sealed with a 
resin 2 . 

[0004] As shown in Figure 6 (B) , another idea was also 
proposed. For example, a first semiconductor chip la is fixed on 
the front surface of the island 3, while a second semiconductor 
chip lb is fixed on the back side of the island and then, the 
entire device is sealed. 
[0005] 
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[That This Invention Intends to Solve] However, when laminating 
chips as shown in Figure 6 (A) , the second semiconductor chip lb 
may be inclined as shown in Figure 7 (A) due to failure in die 
bonding. When the chip inclines in this manner, the drawback is 
that an adhesive 6 disappears so that the lower part of the 
substrate in the second semiconductor chip lb is in contact with 
the surface of the first semiconductor chip la at the point 
indicated by the symbol 7 in this figure and there is a danger of 
causing short circuits between the voltage applied to the 
substrate of the second semiconductor chip lb and the circuit 
elements and electrode wiring formed on the surface of the first 
semiconductor chip la. 

[0006] When bonding chips between the front ajad back surfaces 
as in Figure 6 (B) and the same types of chips are used as first 
and second semiconductor chips la and lb (e.g., a combination of 
DRAM and DRAM) , the substrate voltage becomes the same so that 
both substrates can be electrically short circuited via the island 
3. On the other hand, when using different types of chips, for 
example, when combining a chip using a P-type substrate with a 
chip using a N-type substrate, the substrate voltages are 
different so that one of the chips must be fixed using an 
insulating adhesive 6. If the chip is inclined as shown in Figure 
7 (B) due to failure in die bonding as mentioned above, there is a 
danger of causing short circuits between the substrate voltage of 
the semiconductor chip la and the voltage of the island 3 at the 
position indicated by the symbol 8. These short circuits quickly 
result in deterioration of assembly yield. 

[0007] 

[Means to Solve the Problems] This invention intended to solve the 
above-mentioned subject of concern. This invention is 
characterized by the fact that a first semiconductor chip and a 
second semiconductor chip are fixed using an insulating adhesive 
containing a filler with a particle size ranging from 10 to 50)1 so 
that the gap between the first semiconductor chip and the second 
semiconductor chip is not reduced to less than a certain thickness 
due to the presence of the aforementioned filler. 
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[0008] When fixing chips on both front and back surfaces, one 
of the semiconductor chips is fixed using an insulating adhesive 
containing a filler with a particle size ranging from 10 to 50|l so 
that the gap with the island is not reduced to less than a certain 
thickness due to the presence of the aforementioned filler while 
maintaining electrical insulation. 

[0009] / (3) 

[Modes of Execution of the Invention] The modes of an example 
of this invention will be explained in detail below by referring 
to the attached figures. Figures 2 (A) and (B) are cross- 
sectional views showing the mode of the first example of this 
invention's semiconductor devices. Figure 3 is a plane view 
showing the mode of the first example of this invention's 
semiconductor devices. In this case, Figure 2 (A) is a cross- 
sectional view along the line A-A in Figure 3 and Figure 2 (B) is 
a cross-sectional view along the line B-B in Figure 3 . 
[0010] In these figures, 10 and 11 represent first and second 
semiconductor chips, respectively. On the silicon surface of the 
first and second semiconductor chips 10 and 11, a variety of kinds 
of active and passive circuit elements are formed in the previous 
processes. Bonding pads 12 are formed for respective external 
connections in the peripheral areas of the first and second 
semiconductor chips 10 and 11. On the surface of the 
semiconductor chips 10 and 11, passivation films such as silicon 
nitride films, silicon oxide film and polyimide insulating films 
are formed to open the upper part of the bonding pads 12 for 
electrical connections . 

[0011] The first semiconductor chip 10 is die bonded on the 
island 13 of the lead frame using an epoxy conductive adhesive 14 
such as Ag paste, and the second semiconductor chip 11 is fixed on 
the aforementioned passivation film of the first semiconductor 
chip 10 using an insulating epoxy adhesive 15. Each bonding pad 
12 and a tip portion 17a of the lead terminal 17 for external 
outlets are wire bonded using a bonding wire 16 so that they are 
electrically connected. 
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[0012] The surrounding area of the main unit containing first 
and second semiconductor chips 10 and 11, a lead terminal tip 17a 
and bonding wire 16 is molded for packaging using an epoxy 
thermosetting resin 18. The lead terminal 17 is led out at the 
position which is approximately one half of the thickness of the 
resin 18 as the package wall. The lead terminal 17 led out of the 
resin 18 is bent down at one end and bent again to form a Z-letter 
shape. This forming shape is made for surface mounting 
application when bonding the back side fixing portion 17b of the 
lead terminal 17 in the facing conductive pattern formed on the 
printed circuit board. 

[0013] Various parts including island 13 and lead terminal 17 
are provided in the form of a lead frame which is formed by 
etching processing or punching processing with a copper or iron 
plate material with a plate thickness ranging from 150 to 20'0|X. 
These parts are held within the frame of the lead frame until 
being cut after the molding process. The height of the tip 17a of 
the lead terminal agrees with the height of the aforementioned 
frame if they are still held in the frame, but only the island 13 
has a different height due to a joggling process. For this 
reason, in a completed device, a tie bar 19 holding the island 13 
is bent upwards in the resin 18 and extended almost horizontally 
at the same position as the height of the lead 14, and the cut 
surface is exposed on the surface of the resin 18 to be a final 
end. 

[0014] Respective semiconductor chips 10 and 11 are polished to 
have a thickness of 2 50 to 300(1 by polishing the back surface in 
the back grinding process immediately before the assembly process. 
A plate thickness of the island 13 and the lead terminal 17 (t3 
shown in Figure 2 (A) ) is approximately 130(1 and this value is 
almost a critical value to maintain mechanical strength of each 
part. The island 13 is formed in a size which is smaller than the 
first semiconductor chip 10 and its height is lowered to a 
critical level so that it is molded so that the back side 13a of 
the island 13 is exposed to the surface of the resin 18. In the 
case of a package having an entire thickness of only 1mm, if the 
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position of the island 13 is lowered, it is possible to leave a 
thickness of 240 to 3 00|l for resin 18 above the second 
semiconductor chip 11 after subtracting the plate thickness of 
island 13, thickness of the first and second semiconductor chips 
10 and 11, and thickness of adhesives 14 and 15 (30 to 4 OjLt for 
each adhesive is necessary) . 

[0015] The first semiconductor chip 10 is fixed as shown in 
Figure 1 (A) . An appropriate amount of insulating or conductive 
paste-form first adhesive 14 is supplied on the surface of the 
island 13. Subsequently, the first semiconductor chip 10 adsorbed 
by a vacuum collet is moved on the island 13 for positioning and 
pressed under a constant pressure to spread the first adhesive 14 
uniformly. Finally, the first adhesive 14 is cured by applying a 
baking heat treatment at about 200 degrees to fix the first 
semiconductor chip 10 on the island 13. Similarly, the second 
semiconductor chip 11 is fixed as follows. An insulating paste- 
form second adhesive 15 is supplied in an appropriate amount onto 
a passivation film of the first semiconductor chip 10. 
Subsequently, a second semiconductor chip 11 adsorbed by a vacuum 
collet is moved on the first semiconductor chip 10 for positioning 
and pressed under a constant pressure so that the second adhesive 
15 is spread uniformly. Finally, the second adhesive 15 is cured 
by applying a baking heat treatment at about 200 degrees to fix 
the second semiconductor chip 11. 

[0016] When fixing the second semiconductor chip 11, spherical 
silicon grains (filler) with a particle size ranging from 20 to 
40)1 are mixed with the second adhesive 15. As a filler, 
insulating materials which have hardness to be resistant to the 
pressure from the aforementioned adsorption collet are available, 
but other materials such as alumina grains and SiN grains are also 
available. Although the second semiconductor chip 11 adsorbed by 
the collet is inclined, the film thickness of the second adhesive 
15 can never be less than the particle size of the filler. As a 
result, an accident in which the lower portion of the substrate of 
the second semiconductor chip 11 is in contact with the surface of 
the first semiconductor chip 10 can be prevented. 
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[0017] A mode of this invention's second example will be 
explained below. Figures 4 (A) and (B) are cross-sectional views 
showing the modes of the second example of this invention's 
semiconductor devices. Figure 5 is a plane view showing the mode 
of the second example of this invention's semiconductor devices. 
Figure 4 (A) is a cross-sectional view along the line A-A in 
Figure 5 and Figure 4 (B) is a cross-sectional view along the line 
B-B in Figure 5. In these figures, the same symbols were used for 
the same positions as in the modes of the previous examples. 
[0018] On the silicon surface of the first and second / (4) 

semiconductor chips 10 and 11, circuit elements and bonding pads 
for external connection 12 are formed. Passivation films such as 
silicon nitride films, silicon oxide films and polyimide 
insulating films are formed on the surface of the semiconductor 
chips 10 and 11 so that the upper portion of the bonding pads 12 
is opened for electrical connection. 

[0019] The first semiconductor chip 10 is die bonded using an 
epoxy conductive adhesive 14 such as Ag paste on the first main 
surface 21, which is the back side of the island 13, and the 
second semiconductor chip 11 is fixed using an insulating epoxy 
adhesive 15 at the surface side, which is the second main surface 
22 of the island 13. Bonding pads 12 of the first semiconductor 
chip 10 and the back side of the tips 17a of the lead terminals 
for external outlets are wire bonded using a bonding wire 16 and 
bonding pads 12 of the second semiconductor chip 11 and the front 
side of the tips 17a of the lead terminals are wire bonded using a 
bonding wire. The areas around the major unit including the first 
and second semiconductor chips 10 and 11, lead terminal tips 17a 
and bonding wire 16 are molded using an epoxy thermosetting resin 
18 for packaging. The lead terminal 17 is led out of the position 
which is approximately one half of the thickness of the resin 18 
and formed for surface mounting. The island 13 is not joggled 
against the tips 17a of the lead terminal so that both are located 
on the horizontal surface. 

[0020] As shown in Figure 1 (B) , a chip using a N-type 
semiconductor substrate is used as the first semiconductor chip 10 
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and a VDD voltage is applied as a substrate voltage. A chip using 
a P-type semiconductor substrate is used as the second 
semiconductor chip 11 and a VSS voltage is applied as a substrate 
voltage. The first semiconductor chip 10 supplies an appropriate 
amount of an insulating or conductive paste-form first adhesive 14 
to the surface of the first main surface 21 of the island 13. 
Subsequently, the first semiconductor chip 10 adsorbed by the 
vacuum collet is moved on the island 13 for positioning and 
pressed under a constant pressure to spread the first adhesive 14 
uniformly. Finally, the first semiconductor chip is fixed by 
curing the first adhesive 14 by applying a baking heat treatment 
at about 200 degrees. Similarly the second semiconductor chip is 
fixed as follows. Initially the island 13 is turned around to put 
the second main surface 22 up and an appropriate amount of 
insulating paste-form second adhesive 15 is supplied to the 
surface. Subsequently, the second semiconductor chip 11 adsorbed 
by the vacuum collet is moved on the island 13 for positioning and 
pressed under a constant pressure to spread the second adhesive 15 
uniformly. Finally, the second semiconductor chip 11 is fixed by 
curing the second adhesive 15 by applying a baking heat treatment 
at about 200 degrees. 

[0021] When fixing the second semiconductor chip 11, spherical 
silicon grains (filler) 20 with a particle size ranging from 20 to 
40|X were mixed with the second adhesive 15. With this 
constitution, the film thickness of the second adhesive 15 is not 
smaller than the particle size of the filler 20 in spite of the 
fact that the second semiconductor chip 11 adsorbed by the collet 
is inclined. For this reason, an accident in which the lower 
portion of the substrate in the second semiconductor chip 11 is in 
contact with the surface of the island 13 can be prevented. This 
implies that the substrate voltage of the second semiconductor 
chip 11 and the voltage of the island 13 can be separated 
completely. Even in the configuration to have the same voltage as 
the substrate voltage of the first semiconductor chip 10, an 
accident of a short circuit between the substrate voltage VSS . and 
the substrate voltage VDD can be prevented. If one of the first 
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and second adhesives 14 and 15 is selected to be an insulating 
one, the substrate voltages can be separated from each other and 
in this case, a filler 20 is added to the side of an insulating 
adhesive. 
[0022] 

[Effects of the Invention] As explained above, if a filler 20 

is added to the insulating adhesive in this invention, an 
accidental contact between the first and second semiconductor 
chips 10 and 11 can be prevented* The advantage is that 
semiconductor devices in which several semiconductor chips 10 and 
11 are laminated in a single package can be manufactured at a high 
product yield. 

[0023] In addition, the advantage is that it is possible to 
combine chips having different substrate voltages so that the 
development of the products is easy. The film thickness of the 
adhesives 14 and 15 can be thinned to a critical level without 
considering short circuits between the substrate voltages when 
using a filler 20 so that is an advantage of being able to 
contribute to thinning in packaging. Due to such thinning, the 
external dimensions can be set to the same as those of the group 
of products containing one conventional chip. As a result, the 
advantage is that manufacturing equipment such as molding dies and 
testing equipment can be shared so that product costs can be 
reduced. 

[Brief Explanation of the Figures] 

[Figure 1] A cross-sectional view to explain this invention. 
[Figure 2] A cross-sectional view to explain a mode of this 
invention's first example. 

[Figure 3] A plane view to explain a mode of this invention's first 
example . 

[Figure 4] A cross-sectional view to explain a mode of this 
invention's second example. 

[Figure 5] A plane view to explain a mode of this invention's 
second example. 

[Figure 6] A cross-sectional view to explain a conventional 
example. 
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[Figure 7] A cross sectional view to explain another conventional 
example. 
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11: Second semiconductor chip 

15: Second adhesive 

20: Filler 

13: Island 

10: First semiconductor chip 

14: First adhesive 



10: First semiconductor chip 

11: Second semiconductor chip 

18: Resin 

13: Island 




11: Second semiconductor chip 

15: Second adhesive 

20: Filler 

13: Island 

10: First semiconductor chip 

14: First adhesive 
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[Figure 5] 
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